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The fountain effect, or thermomechanical effect, in superfluid liquid helium was discovered by Allen The similarities between the superfluid properties of liquid helium and superconductors suggest that an analogous effect should occur in 2 a superconductor. In this Letter,we report the first experimental observation of this analog.
In a superconductor, the analog of the hydrostatic potential difference observed in helium in the presence of a temperature gradient is an electrostatic potential difference. It is important to realize that in any real metal the quasiparticle~lattice scattering rate is much higher than the quasiparticle-quasiparticle scattering rate. This means that hydrodynamic flow of the quasiparticles is strongly inhibited.
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Thus the electrostatic potential difference only gives rise to a small voltmeter, for example, a vibrating capacitor voltmeter. Equation (1) reduces to j = -OQVT, and this quasiparticle current density is balanced -n -by a supercurrent density, j = -j . For small temperature differences .' 2i than the critical s
The magnitude of this asymmetry is rather small. Consd.der for example a lead point contact with a lK temperature J:i. fferenr:c across it, close to its transition temperature. If we take Q to be Lhe normu.l
state thermopower, about -0.2jJV K ,and R to be the normal state junction resistance, say 1st, we find the asymmetry to be 2i ::!. 0.4 JJA.
s Our direct observation of the superfluid back flow produced by a temperature gradient was made with a lead-lead point contact (Fig. 1) .
A lead wire, which was 1/16" diameter and 5N purity, was attached to a differential screw having a pitch of 0.015 cms. The screw could be adjusted from outside the cryostat so that the wire could be brought into contact with a lead foil (0.05 cms thick, 5N purity). The end of the wire was sharpened to a point with carborundum paper and cleaned with acetic acid. The point contact was mounted in a vacuum can which could be immersed in liquid helium at 4.2K. The wire and foil were independently thermally linked to the vacuum can with copper wires having a conductance of about 3 x 10-3 watts Kl . The temperatures of wire and foil were measured with 56stiwatt Allen Bradley carbon resistors using an ac bridge, and heat was supplied to them using direct current through 100st resistance heaters wound non-inductively from 0.007 cms diameter manganin wire. Thermometers and heaters were thermally bonded to the lead with GE7031 varnish. Copper current leads and niobium-tin voltage leads were connected to wire and foil, and the -6-LBL-897 leads were brought through an epoxy seal in the top of the vacuum can.
The vacuum can was coated with solder which was superconducting at 4.2K, and two cylindrical concentric mumetal cans outside the dewar reduced the ambient magnetic field to less than 3 mG. The experiment was performed in a screened room, with double copper walls and filtered mains supply, to further reduce electrical interference.
The point contact was adjusted to obtain a critical. current of less than 1 rnA at 4.2K. Two methods for determining the asymmetry were used. The first measured the critical current in each direction using an ac modulation technique. A small sinusoidal current (0.2~ peak to peak, 280 Hz) was superimposed on a direct current. The direct current was slowly increased until an alternating voltage across the junction was
detected with a lock-in detector. The corresponding value of the direct current was taken as the critical current. The second method used a .symmetrical current ramp and allowed the sum and difference of the positive-and negative-going critical currents to be plotted directly on an x-y recorder.
Because of the small size of the asymmetry, measurements were' only made close to the transition temperature of the junction. Sufficient heat was supplied to one side of the junction to reduce the critical current to about 10llA, and the asymmetry then measured as a function of critical current as the latter was reduced by further increasing the heat supplied. Close to the critical temperature of the junction, the critical current varied very rapidly with temperature, so that the temperature difference across the junction was approximately constant for critical currents between zero and 10 llA. The asymmetry
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.. J LBL-891 measurements were made with the temperature gradient in both directions, and also with no gradient by heating both sides simultaneously.
In Fig. 2a we In particular, the region across which the temperature gradient existed was probably very ill-defined, so that the effective quasiparticle resistance R was also correspondingly badly defined, and not necessarily
given by the resistance of the I-V characteristic. With these factors in mind, we feel that the spread in our data is acceptable. It is important to note that although the magnitude of the asymmetry was very irreproducible, the sense was always as expected, a fact which gives us confidence that we were indeed observing the superfluid backflow.
In summary, we have observed an asymmetry in the critical current of a Pb-Pb point contact induced by a temperature difference across the junction. We ascribe this asymmetry to the counterflow of supercurrent analogous to the counterflow of superfluid helium observed in the fountain effect. The asymmetry was always in the expected direction,
and of approximately the expected magnitude.
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